Molluscum contagiosum virus failed to inactivate encephalomyocarditis virus when incubated with it in the absence of cells. Adsorption and eclipse of encephalomyoearditis virus occurred normally in mouse embryo cell monolayers treated with molluscum virus but its growth was reduced according to the dose and duration of molluscum pretreatment. Encephalomyocarditis virus dose-response curves plotted by direct plaque count, by infective centre assay and by single cycle yields all showed a directly proportionate relationship, at low multiplicities of challenge, in both control and inhibited cultures. With high multiplicities of challenge, yield experiments suggested that interference might have been partially overcome at the cellular level but this was not confirmed in infective centre studies. Interference appeared to result in a uniform reduction of challenge virus growth in all the cells of a culture rather than in the complete protection of some of them. Certain features suggested the production and operation in inhibited cultures of a propagated interfering principle.
INTRODUCTION
Molluscum contaglosum virus adsorbs to mouse embryo cell monolayers (Postlethwaite, Watt & Hodgkiss, I967) which become resistant to the production of plaques by different challenge viruses (Postlethwaite, I964) . Since this interference may be autoinhibitory, thus explaining the inability of molluscum virus to grow outside the human host, it was analysed further. In other systems the nature of virus-induced interference has been elucidated by studying the response of resistant cultures to small and large inocula of challenge virus (Rubin, I960. This report describes the growth of encephalomyocarditis virus in molluscum-inhibited cultures, and their response to graded doses of challenge virus when measured by direct plaque count, by infective centre recovery and by single cycle yield.
METHODS

Viruses.
Cores from typical lesions of moUuscum contagiosum were ground with sterile sand in maintenance medium or McIlvaine's buffer, pH 7"3 (0-004 M). The extracts were stored at --20 ° following clarification by low-speed centrifugation and had 50% inhibitory titres (Postlethwaite, x964) of i/2o,ooo to i/8o,ooo and electronmicroscopically determined virus particle counts of approximatey IO 1° to 5 x io TM particles per ml.
Encephalomyocarditis virus was harvested by treating infected mouse embryo cell cultures showing a widespread cytopathic effect with a 50 w MSE ultrasonic apparatus for I rain. After clarification, samples of the supernatant fluid having titres from IO 8 to 7 × Io8 p.f.u./ml, were stored at -7 o°.
Media, solutions and cell cultures. Growth and maintenance media, buffered saline, agar overlay medium for plaque assays and mouse embryo cell cultures were prepared and used as described previously (Postlethwaite et aL i967).
Growth of encephalomyocarditis virus and dose-response experiments. Molluscuminhibited cultures were prepared by adsorbing o. i or 0.2 ml. of dilutions of molluscum virus to mouse embryo monolayers for 2 hr at 36"5 °, with rocking of plates halfhourly to redistribute the inoculum. Cell sheets were then washed twice and incubated with 2"5 ml. of medium for 24 hr. For challenge the medium was removed, cultures were washed twice and o. I ml. of serial dilutions of encephalomyocarditis virus was allowed to adsorb for I hr. Thereafter the procedure varied according to the type of experiment. In direct dose-response studies agar overlay was added for subsequent plaque counting. In infective centre experiments cells sheets were washed twice with calcium-and magnesium-free phostphate-buffered saline and detached by trypsinization (0-2 % trypsin+ 0.02 % EDTA). The cells were washed twice by centrifugation, resuspended, counted and titrated as infective centres by plaque assay on mouse embryo monolayers. Agar (0"5 ml.) was first allowed to set over the adsorbed infected cells before further agar was added to a total of 5 ml. Plaques were counted 2 day later following addition of neutral red agar. In growth and yield experiments monolayers were washed twice after adsorption and 2"5 ml. of maintenance medium was added. Cultures were then incubated at 36.5 ° (o hr) until growth was arrested by transferring them to -70 ° . They were subsequently thawed, treated ultrasonically for I min. and assayed for infective virus by plaque assay on mouse embryo monolayers.
RESULTS
Absence of extracellular inactivation of encephalomyocarditis virus by molluscum virus
Mixtures of encephalomyocarditis virus 008 p.f.u, in 0-2 ml.) and molluscum virus (o.I ml. containing 3"5 × Io~ virus particles (Postlethwaite et al. I967) ) were incubated at either 4 ° for 4 hr or 37 ° for 6 hr. Control mixtures consisted of encephalomyocarditis virus and buffer without molluscum virus. On subsequent assay there was no demonstrable extracellular inactivation of encephalomyocarditis virus by molluscum virus.
Growth of encephalomyocarditis virus in molluscum-treated cultures
Encephalomyocarditis virus at a multiplicity of 7 p.f.u./cell adsorbed with equal efficiency to molluscum-treated and control cultures (Table I) , but only 5 % of the adsorbed virus remained infective immediately afterwards. Since infectivity of the challenge virus was stable in the diluent used and was not masked by residual molluscum virus, it was concluded that its eclipse was also unimpaired in molluseumtreated cultures. Growth of encephalomyocarditis virus was delayed and reduced in (Fig. I) . When cultures were challenged 6 hr after exposure to large doses, interference was barely detectable, whilst growth of encephalomyocarditis virus was depressed by 99"8 % when challenge was made at 24 hr. More detailed study was made by dose-response experiments. 
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Dose-response relationships by direct plaque count
A typical dose-response experiment ( Fig. 2) showed that the reduced number of encephalomyocarditis plaques in inhibited cultures increased, as in control cultures, according to the first power of the virus concentration. However, plaques became progressively smaller as the degree of inhibition increased. Furthermore the number of discrete plaques on an assay plate was limited. In order, therefore, to increase the range of inhibition and of challenge which might be explored by dose-response techniques, infective-centre studies and single-cycle yield experiments were performed.
Dose-response relationships by infective centre experiments
Conditions were first defined for accurate assay of encephalomyocarditis infective centres on normal monolayers. Adsorption was complete in 35 min. and infective centre plaque counts were proportional to the virus concentrations and to the dilutions and volumes of cells plated (Fable 2). The efficiency of infection and of the washing procedure in removing unadsorbed virus were high (Table 3) and there was minimal (I to 2%) contamination of infective centres by residual infective virus. Linearity of response over three-and tenfold ranges was also noted in other experiments in which again, however, only about 25 % of the eclipsed virus was recovered as infective centres.
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EMC virus in molluscurn-treated cell cultures r7 I
The recovery of encephalomyocarditis infective centres from molluscum treated cultures was reduced but, for a given degree of inhibition, their number was directly proportional to the concentration of challenge virus (Fig. 3) . However, this relationship could only be substantiated within certain limits since, when 20,000 and ioo,ooo cells were plated from cultures inhibited by MCV/6ooo, plaques were noticeably smaller and their counts were not in proportion (Table 4) . To determine whether inhibition might be overcome at the cellular level cultures were challenged with graded high multiplicities of encephalomyocarditis virus, from 6 to 54 p.f.u./cell. Under these conditions infective centres did not increase along with multiplicity of challenge I]3O 65, 69 67 oq ml. of two dilutions of encephalomyocarditis virus were adsorbed to pairs of mouse embryo monolayers for i hr at 36"5 °. Unadsorbed virus was removed by washing twice. Cells were trypsinized, washed twice by centrifugation, resuspended in 4 ml., counted and titrated as infective centres using the dilutions, volumes and adsorption times indicated. although they were Io times fewer in resistant than in control cultures. In both cases, however, large amounts of uneclipsed virus precluded firm conclusions. Indeed, when treated ultrasonically before assay, resistant ceUs yielded more plaques than identical samples plated as infective centres. Treatment of cells with an anti-encephalomyocarditis virus serum failed to reduce this threshold of cell-associated infective virus.
Dose-response relationships by single-cycle yields
Growth of encephalomyocarditis virus was delayed in molluscum-treated cultures and second cycles were initiated in weakly inhibited cultures. Consequently the optimal time to harvest for assay of single cycle yields varied with the degree of imposed inhibition. The relationship of challenge virus yield to dose of molluscum virus used R. POSTLETHWAITE Samples of a, b, c, d and e were assayed after storage at -70 °. * Uneclipsed cell-associated virus was detected after treatment of a sample of the infective centre suspension by ultrasonic vibrations for I min.
t Infective centres were calculated from the aggregate data of Table 2 . Infective centres for the higher encephalomyocarditis virus dose series were corrected for the inefficient cell recovery in this series by a factor of I'68/1-36 (Table 2 ). This factor was also applied to the uneclipsed cell-associated virus in deriving the 'true" infective centre count in this series (h-e).
in pretreatment followed an S-shaped curve, the maximum depression of growth being about Iooo-fold.
In dose-response experiments at low multiplicity, virus yield was directly proportional to the size of the inoculum in both control and resistant cultures (Fig. 4) I/I IO0,O00 I64t 1,640 * After treatment of monolayers for 24 hr with dilutions of MCV or control material, o.i ml. of EMC virus containing 87,500 p.f.u, was adsorbed for I hr. Cultures were then washed, trypsinized and washed twice again, before dilution for cell plating.
? Tiny plaques However, as the multiplicity approached and exceeded unity yields from control cultures reached a limiting value but continued to rise in inhibited cultures, albeit more slowly. Interpretation of these findings was influenced by residual uneclipsed virus, which ranged from 1% of an inoculum at low multiplicities of challenge to 9 % from an inoculum of rooo p.f.u./ce11. Consequently, in the inhibited cultures of experiment B (Fig. 4) , virus yields from the most heavily challenged cultures increasingly represented the threshold of uneclipsed inoculum virus. This at once masked new viral growth and limited the extent of detectable inhibition. In control cultures its influence was not detected, since it contributed little to the total yields at all levels of challenge. Whilst it seemed likely therefore that plateau responses were obtained in inhibited as in control cultures, their position on the vertical scale was uncertain.
DISCUSSION
Interference in these experiments was manifest as a reduction in encephalomyocarditis virus plaques and infective centres and as a reduction and delay in its growth, according to the dose and duration ofmolluscum pretreatment. Since encephalomyocarditis virus was not directly inactivated by molluscum virus and since its adsorption and eclipse were essentially unimpaired in resistant cultures, the observed interference presumably reflected some subsequent event. At the cellular level the induction of interference appeared to be graded rather than all-or-none in character. The latter possibility would have implied a corresponding decrease in virus yield for a given increment in molluscum dosage. In fact, as for plaque reduction (Postlethwaite, I964), virus yield was related to molluscum dosage according to an S-shaped curve. Furthermore, if inhibited cultures had consisted of a proportion of fully resistant amongst otherwise fully sensitive cells the total range of inhibition would have been limited only by the number of cells in a culture. In fact, the greatest protection achieved (about IOOO-fold) corresponded well with the maximum yield of virus per cell (approximately Iooo p.f.u.), strongly supporting the view that treatment by molluscum virus determined a dose-dependent but uniformly reduced response to challenge by all cells in a culture. Clearly, an essential requirement for this view would be the operation in inhibited cultures of some other factor, possibly temporally variable, to distinguish those infected cells which, either in situ or as infective centres, failed to form plaques. It was of further interest that maximum interference was only achieved at an estimated adsorbed multiplicity of some Io to Ioo molluscum virus particles/cell.
At low multiplicities of challenge, in both inhibited and control cultures, all three types of experiment showed a directly proportionate dose-response relationship, implying that infection was initiated by single particles of encephalomyocarditis virus which, in increased dosage, simply increased the number of infected cells. At the cellular level the possibility that interference, whether complete or partial, might be overcome by multiple infection was not decided. Whilst the yield experiments favoured a partial break-down of inhibition, infective centre studies did not, and firm conclusions from both experiments were precluded by the high levels of uneclipsed inoculum virus. This residual virus, inaccessible to neutralizing antibody, was presumably sequestered in cells which, whilst unable to support its development, were anatomically capable of preventing its attachment to other cells.
Certain features of these experiments suggested the operation in inhibited cultures of a propagated interfering component: (I) the reduction in size as well as in number of plaques; (2) the increasing disproportion, as inhibition increased, between the numbers of infective centres plated and the resulting plaque count, together with the concomitant reduction in plaque size. Observations to be reported indicate the pro-duction in molluscum-treated cultures of a soluble inhibitor having biological properties of interferon. Whether this soluble inhibitor mediates the interference in cells directly affected by molluscum virus as well as in neighbouring cells to which it gains access, or whether the two types of interference are distinct is a question raised by the discordant results at high multiplicity of challenge in the yield and infective centre experiments.
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